To: Matt Luby 
From: Thomas Dom 



Re: Application No. 10/692,102 
REMARKS 

The following is in reply to your Office Action Summary dated May 2, 2005. 

1) A corrected drawing sheet is submitted with the label "Replacement Sheet" in the 
top margin. 

2) Since the substitute specification filed on 02/09/05 has not been entered, it is re- 
submitted here. 

3) The following statement is made as required by CFR 1.121 (b)(3)(i): 

Replace the original specification with the enclosed substitute specification. 

4) The following statement is made as required by CFR 1 . 1 25(b): 

The substitute specification does not contain new matter. 

5) A marked up version and a clean version of the specification are submitted in 
accordance with CFR 1.125(c). 

6) The following is a summary of the changes to the specification: 

a) The references to US Patents were removed and placed on a separate 
sheet. 

b) The references to the publication "Motorcycle Chassis Design" were 
removed. 

c) Two sentences at the end of the first paragraph in the section titled 
"Summary of the Invention" have been removed because they were not 
pertinent. 

d) Since all statements regarding the length of the rear rail and its affect on 
turning angle have been removed from claim 1, nothing has been added to 
the specification (specifically paragraph 4) to support that limitation. 

e) All other changes are minor grammar corrections or clarifications. 


7) The following is a summary of the changes to claim 1 relative to the immediate 
prior version: 

a) The word "forward" was added at line 3 to provide an antecedent basis 
for subsequent references. 

b) The word "rear" was added at line 9 to provide an antecedent basis for 
subsequent references. 

c) The words "forward" and "rear" were added before the words "pivot pins" 
throughout the claim as needed to clarify which pins were being referred to. 

d) The statement regarding the distance between the rear pivots in relation to 
the forward pivots and the turning angle has been removed because it is irrelevant. 

e) The statement regarding the weight of the vehicle being transmitted 
through the side rails and associated items was added to distinguish this invention 
from the prior art as was discussed in the Interview on 17 May, 2005. A statement 
regarding the Substance of the Interview is enclosed. 

8) Claim 4 was amended (line 3) to correct an antecedence error that we both 


missed. 


Sincerely, 



Thomas Dom 


tatement of the Substance of the Interview for Application 
No. 10/692,102 made on May 17, 2005 

Claim 1 was discussed relative to the prior art of Edele. We discussed the differences 
between my invention and that of Edele. The examiner agreed that there are substantial 
differences between my invention and that of Edele, but claim 1 was not written in such a 
way to make the differences clear. The examiner agreed to the statement that if claim 1 
specified that the side rails and associated items carried the vehicle weight, then claim 1 
would be allowable over Edele. 

I stated that I felt the new ground(s) of rejection based on the previous amendment were 
unwarranted. Specifically, the statement regarding the distance between the rear pivots 
needed to be 2 to 3 times the distance between the forward pivots was added to satisfy a 
request by the examiner made in a previous office action (see page 4, paragraph 9 of 
Office Action Summary dated Dec. 10,2004). Furthermore, I stated that the statement 
regarding the distance between the rear pivots was not necessary to distinguish my 
invention from Edele' s. The examiner stated that he would not retract the Final Action 
due to the lack of clarity of claim 1. 

I stated that the amendment to paragraph 4 of the specification did not contain new matter 
because the matter discussed in that paragraph was previously disclosed in the drawings. 
The examiner did not agree so I stated that I would remove the matter because it is not 
needed. 


MARKED UP VERSION OF SPECIFICATION 


e - Single Wheel Steering and Suspension System 
Inventor- Thomas Dom, 6869 E. Vernon Ave., Scottsdale, AZ. 85257 
Cross-References to Related Applications 
— U.S. Patent s 

1,668,368 5/1928 Herds 

1,353,567 10/1982 Woldy 

1,180,817 11/1981 Oyama 

1,773,199 — ftye 

6,012,131 mm — Reeter 

— Publications 

Motorcycl e Chassis D e sign, Foale and Willoughby, Ospr e y publishing, 19 84 

Inventor claims benefit of filing date of application number 60/421,002 dated 10/25/2002 

Background of the Invention 

The most common steering and suspension system used on bicycles and motorcycles is the 
telescopic fork. That design places high loads on the frame resulting in a heavy frame with a 
high center of gravity. Other disadvantages of that design include high manufacturing cost, high 
maintenance, high unsprung weight, and excessive road vibrations transferred to the riders arms. 
Additionally, complex anti-dive systems are required to eliminate-suspension compression during 
braking. 

Many designs have been proposed in an attempt to alleviate or mitigate these shortcomings. The 
r e f e r e nc e d publication discuss e s th e most common alt e rnativ e d e signs that hav e b ee n propos e d in 
th e past. The referenced patents disclose additional designs that are the most applicable to this 
invention. Some of these designs have been used successfully on racing motorcycles in the past 
and have demonstrated superior handling characteristics compared to the telescopic fork. They 
have not made it to the mass production market for one or more of the following reasons; high 
manufacturing cost, high steering inertia, high unsprung weight, poor later stiffness, poor 
torsional stiffness, and limited steering lock. The invention disclosed herein does not possess 
these disadvantages. 


Summary of the Invention 


This The steering and suspension system disclosed in this application consists of four major 
components; a wheel axle, two side rails, and a rear rail. The side rails are equal in length and 
positioned along each side of the wheel of the vehicle which is rotatably mounted on the axle. 
The rear rail is significantly longer than the axle and is positioned so that its centerline is 
perpendicular to the longitudinal axis of the vehicle (therefore parallel to the axle when the 
vehicle wheel is in the straight position). The rear rail is spaced rearward from the axle a distance 
equal to the radius of the vehicle wheel plus a small amount for clearance. The forward end of 
each side rail is pivotally attached to each end of the axle. The rear end of each side rail is 
pivotally attached to each end of the rear rail. Thus in the top view with the axle in the straight 
position, the system forms an isosceles trapezoid, with the axle representing the top, the side rails 
representing the sides, and the rear rail representing the base. At each of the four corners are the 
pivots whose axes are parallel to each other and only allow movement in a plane that is 
perpendicular to the plane of rotation of the wheel. Although a simpl e pivot design will b e 
d e scribed h e r e in, many oth e r d e signs ar e possibl e . Th e r e for e , it is not th e int e nt of this 
application to limit the us e of any on e particular pivot d e sign and th e d e scription of th e pivots 
will not b e e xt e nsiv e or d e tail e d. 

A turn is performed by applying a fore or aft force to a lever attached to one end of the axle. 
Conventional control rods with ball joints are used to apply the force. This will cause the wheel 
axle to rotate about the forward pivots of the side rails which in turn causes the side rails to pivot 
about their rear pivots. 

In order to give the vehicle wheel suspension movement, the rear rail is pivoted about an axis 
that is perpendicular to the vehicle longitudinal axis and lies a horizontal plane . For simplicity, 
the pivot axis is chosen to be coaxial with the centerline of the rear rail although other 
arrangements are possible. This pivot is attached to brackets fixed to the vehicle frame. A 
standard suspension unit (a coil-over-shock unit for example) is connected to the rear rail through 
a rocker-type progressive rate linkage. This allows the forward ends of the side rails and the axle 


to move vertically in an arc in the same manner as a typical rear swing arm suspension. 

Brief Description of the Drawings 

Figure 1 is a top view of the steering system with the common suspension parts omitted for 
clarity. 

Figure 2 is a side view of the steering and suspension system. 
Figure 3 is an end view of the axle and axle brackets. 

Figure 4 is a top view of the steering system during a turn with a small value for the axle offset 
design parameter. 

Figure 5 is a top view of the steering system during a turn with a large value for the axle offset 
design parameter. 

Detailed Description of the Drawings 

Referring to Figure 1, the axle 1 is rigidly connected to the axle brackets 5 and 6. The axle 
brackets 5 and 6 are pivotally connected to the forward ends of side rails 2 and 3 through the 
pivot pins A and C. The rearward ends of rails 2 and 3 are pivotally connected to the rear rail 
brackets 8 and 9 through the pivot pins B and D. The rear rail brackets 8 and 9 are rigidly 
attached to the rear rail 4. The rear rail 4 is pivotally connected to frame brackets 10 and 1 1 
through pivot pin E. Frame brackets 10 and 1 1 are rigidly attached to mem the vehicle frame 12. 

Control of the wheel 7 is performed by applying a torque to the steering post 19 through any 
convenient method such as handlebars (not shown). The steering post is rotatably attached to the 
vehicle frame 12 through the steering post support 1 8. The torque of the steering post 19 is 
converted to a fore/aft force by the steering arm 17. This force is transmitted to the axle bracket 5 
through the ball joint 16, the control rod 15, the ball joint 14, and the steering lever 13. The force 
causes the axle I and axle brackets 5 and 6 to rotate about pivot pins A and C. This causes the 
side rails 2 and 3 to rotate about pivot pins B and D. 


Figure 2 shows the details of the suspension system. Concentrating on the left side, the rear rail 4 
rotates about the pivot pin E along its centeriine. Since the rear rail bracket 9 is rigidly attached 
to the rear rail 4, the bracket also rotates about pin E in the same manner. The left side rail 3 also 
rotates about pin E through the rear rail bracket 9 because pivot pin B is perpendicular to pivot 
pin E. This allows the axle bracket 5 and axle 1 to rotate about pivot pin E since pivot pin A is 
also perpendicular to pin E. Therefore, wheel 7 will move in an arc about pivot pin E. The 
movement of the wheel 7 is controlled by the suspension unit 23 through the suspension rocker 
22, the suspension link 21, and the suspension lever 20 which is rigidly attached to the rear rail 4. 

Figure 3 shows a design that rigidly attaches the axle to the axle brackets. The axle clamps 24 are 
split into an upper and lower half along the centeriine of the axle. The upper half is rigidly 
attached to the brackets and the lower half secures the axle to the upper half through the bolts 25. 
This clamping design was chosen because it is similar that used on existing front fork systems 
and therefore a standard axle and wheel can be used. Other designs are possible and the steering 
system disclosed herein is not restricted to any particular axle or bracket design. 

There are a number of design parameters of this steering system that affect the handling 
characteristics and stability of a two wheeled vehicle. Fortunately, the steering syst e m vehicle 
stability is relatively insensitive to most of these parameters and a complete discussion of all of 
the parameters is not necessary. However, it has been discovered that one of the parameters has a 
very strong influence on stability and therefore a discussion of that parameter is warranted. 

When the steering system disclosed in this application is in a turn, the center of the axle (and 
therefore the tire contact patch) shifts laterally off away from the longitudinal centeriine of the 
vehicle. The magnitude and direction of this displacement is critical to the stability of the vehicle 
and is strongly influenced by the longitudinal placement of the axle relative to the axes of the 
pivots that are attached to its ends. This distance between the axle centeriine and an imaginary 
parallel line passing through the axes of the pivots is termed the Axle Offset (positive defined as 
forward of the imaginary line). Figures 4 and 5 show the axle offset design parameter (shown as 
AO) and its effect on the lateral displacement of the tire contact patch during a turn. For the two 


cases shown, all other design parameters are equal and both are in a 1 5-degree turn. From the two 
figures it is evident that the axle offset should be kept large to minimize the amount of tire 
contact patch displacement. However, an excessively large axle offset will result in a tire contact 
patch that moves in the same direction that the vehicle is turning. The vehicle would then be 
difficult if not impossible to balance. Alternatively, a small axle offset (or negative value) results 
in a large tire contact patch displacement during even a small turn. The vehicle would then have 
overly sensitive handling characteristics. Therefore, there is an acceptable range of values for 
the axle offset and the actual value used for any particular design must be determined by testing. 


Abstract 


A steering and suspension system for bicycles and motorcycles that consists of an axle that is 
pivotally attached to the forward ends of two side rails that are postioned along each side of the 
vehicle wheel. The rearward ends of the side rails are pivotally attached to the ends of a rear rail 
that is paralled to the axle and positioned at the rear of the vehicle wheel. The length of the rear 
rail is large enough to allow sufficient clearance between the vehicle wheel and the side rails 
during a turn so that an acceptable steering lock is achieved. When viewed from the top, the 
system forms an isosceles trapezoid with pivots at each corner. The axes of all four pivots are 
parallel to each other and perpendicular to the axle axis. This restricts movement of the axle and 
side rails in a plane that is perpendicular to the plane of rotation of the wheel. The vehicle wheel 
is controlled by applying a longitudinal force to the axle through conventional control rods and 
ball joints. Suspension of the wheel is accomplished by pivotally attaching the rear rail to the 
vehicle frame. The axis of the pivot is parallel to the centerline of the rear rail and perpendicular 
to the longitudinal centerline of the vehicle. This allows the side rails and axle to move in a plane 
that is parallel to the plane of rotation of the wheel in the same manner as a conventional rear 
swingarm suspension. Control of the suspension is achieved by a conventional coil-over-shock 
unit acting through a progressive rate linkage to a lever rigidly attached to the rear rail. 


